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ABSTRACT : PROBLEM TO BE SOLVED: To provide a steel material reduced in YR at ordinary 

temperature in an manufactured state as it is or after cold working at 5% equivalent strain 
and increased in yield stress at high temperature and to provide a steel tube reduced in 
YR after making a tube and increased in yield stress at high temperature. 

SOLUTION: This low yield ratio type refractory steel material is steel having a composition 
which consists of, by weight, <0.03% C, <1 % Si, 0.1 -2% Mn, <0.02% S, 0.01 -0.1 % Al, 
0.04-1% Nb, and the balance essential Fe and in which Nb content satisfies 
Nb>0.1+7.74C-1.94Ti+6.63N. Further, the microstructure of this steel is a mixed structure 
of polygonal ferrite and a bainite-containing phase formed at low temperature, and the 
area ratio of polygonal ferrite on the average in a sheet thickness direction is 1 0-95%. 
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oxygen levels in the baih. In bulk steelmaking, an RH (Ruhrstahl -Heraeus) de- 
gasser is often used to effect decarburization [49], as it is possible to degas, alloy, 
decarburize, and reheat within the vessel. The major term in degasser efficiency is 
the recirculation rate, which is maximized in an RH degasser, and carbon contents 
as low as 5 pprn are possible with a treatment rime of 25 min and a starting carbon 
content of 200 pprn [12]. 

XP-002268595 ^ ttw J^ 

D. Nitrogen ^. k£> Q) 

Nitrogen is introduced into steels during the production of hot metal from the 
blast furnace, during alloy or coke addition during steelmaking or in the ladle, or 
by reoxidation after the addition of deoxidizers [28,29]. Nitrogen levels in vari- 
ous steel grades are given in Table 3, where nitrogen requirements are shown to 
vary with application. 

Nitrogen dissolves in liquid steels with a solubility of approximately 450 
pprn at 1600°C in pure iron [30]. Nitrogen solubility varies with temperature and 
alloy chemistry. For example, carbon and silicon addition to liquid iron reduce 
the solubility of nitrogen, whereas chromium, vanadium, and niobium additions 
increase nitrogen solubility. Nitrogen contents in hot metal from the blast furnace 
generally range from 70 to 80 pprn [31]. In oxygen-based steelmaking, nitrogen is 
removed from the bath, owing to the tendency for equilibration between the gas 
phase and the steel. Nitrogen partitions between the gas phase in contact with the 
liquid steel and the liquid steel according to Sievert's law, where 
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Table 3 Nitrogen Requirements for Selected Applications 

Application N requirement (pprn) 

Reinforcing bar -426 

Forging grades %0 

Cold heading quality 80 

Low carbon wire 60 
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